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/ABSTRACT 



A sensing circuit (202) uses correlated double sampling to 
sample a first pixel signal of a pixel stream (ypjxEt) two 
different times to produce a dark signal and a light signal on 
two capacitors (310, 314). The dark and light signals arc 
amplified in an amplifier (302) to produce a differential 
output signal (V^jp-V^^^) proportional to their difference. 
While the samples of the first pixel signal are being 
amplified, a second pixel signal is double-sampled to pro- 
duce dark and light signals on two other capacitors (312, 
316) for amplifying in the same amplifier The period of the 
pixel signal is divided into time slots (Tj-Tjg) by a clocked 
oscUiator (52). Programming signals (PROGl, PROG2) 
control the time slots in which sampling control pulses (V^j, 
V52) are generated. 

6 Claims, 4 Drawing Sheets 
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SENSING CIRCUIT FOR CAPTURING A 
PIXEL SIGNAL 

BACKGROUND OF THE INVENTION 

The present inveotion relates in general to integrated 
circuits and, more particularly, to a circuit for processing an 
image signal generated by a photoactive device. 

High-resolution image capturing systems typically sense 
images with an array of semiconductor photoactive sensing 
devices such as charge-coupled devices, photodiodes and 
optotransistors. Such anays are compact and operate at low 
power and therefore are ideal for use in portable equipment 
such as digital cameras and scanners. The photoactive 
sensing devices generate output signals representative of 
pixels of an image projected on the array. The image is 
projected through color filters or equivalent structures so 
that each photoactive device responds to one of the primary 
colors of light. The color-filtered pixel signals are combined 
to reproduce the colors of the image. For example, in an 
RGB system, each photoactive device is responsive to either 
red, green or blue light. 

Pixel signals are sensed in a serial fashion to form an 
analog pixel stream at an output of the sensing array. To 
ensure compatibility with high definition television 
standards, the pixel stream is sensed and processed at a pixel 
rate of at least 27.0 megahertz. To reduce sensing noise, the 
pixel stream is sensed only during specific time slots. The 
best noise control for a given range of processing parameters 
and operating conditions is achieved when the time slots 
have equal widths. 

Prior art systems achieve high pixel rates by sensing 
alternate pixels of the video stream in alternate sense amph- 
ficrs. For example, odd numbered pixels are sensed in a first 
sense amplifier, even numbered pixels are sensed in a second 
sense amplifier, and the resulting output signals of the 
alternate sense amplifiers are multiplexed into a single 
stream for further processing. A desired time slot for sensing 
the pixel signal is selected by comparing a programming 
code with a time slot count generated by a higb frequency 
binary counter. The clock driving the binary counter oper- 
ates at a frequency equal to the product of the sampling rate 
and the number of time slots per pixel signal period. For 
example, where the pixel signal operates at 27.0 megahertz 
and sixteen time slots are desired within the pixel signal, a 
clock operating at 27*16=432 megahertz is required. 

A problem with prior art sensing schemes is that any 
mismatch between the alternate sense ampUfiers results in 
fixed pattern display defects which are difficult or impos- 
sible to identify or correct. Moreover, the high frequency 
binary counter consumes a large amoujit of power. 

Hence, there is a need for an improved sensing circuit 
which reduces fixed pattern display defects and which 
reduces power by generating sampling pulses at a lower 
clock frequency. 

BRIEF DESCRIPTION OF THE DRAWINGS 

FIG. 1 is an isometric view of an image capturing system; 
FIG. 2 is a block diagram of the signal processing 
circuitry; 

FIG. 3 is a schematic diagram of a correlated double 
samphng circuit; 

FIG. 4 is a timing diagram of signals of a correlated 
double sampling circuit; 

FIG. 5 is a schematic diagram of time slot pulse posi- 
tioner; 



56,766 

2 

FIG. 6 is a timing diagram of the time slot pulse posi- 
tioner; and 

FIG. 7 is a schematic diagram of a clodded oscillator. 

5 DETAILED DESCRIPTION OF THE DRAWINGS 

FIG. 1 is a partially exploded isometric view of an image 
capturing system 10 including an image capture device 20 
and an output device 22. Image capturing system 10 captures 
an image 12 for converting to digital data in a format 
recognizable by output device 22, as is described in further 
detail below. 

Image capture device 20 includes a package 24 housing 
an imaging integrated circuit 26 and a lid 28 for enclosing 
integrated circuit 26 within package 24. Lid 28 includes a 
transparent portion 30 to project image 12 onto a region 32 
of integrated circuit 26. The transparent portion can be 
fabricated to operate as a focusing lens or, in the alternative, 
focusing can be accomplished with an external lens (not 

^ shown) interposed between image 12 and region 32. Region 
32 includes an optical sensing array organized as a matrix of 
photoactive semiconductor devices such as charge-coupled 
devices, photodiodes and optotraiisistors functioning as 
pixel sensors. Each photoactive device produces a pixel 
signal whose voltage is correlated to the intensity and color 

^ of light on the device. Region 32 further includes circuitry 
for selecting pixels in a predefined order to produce a stream 
of pixel signals on a conductor 36. 

Integrated circuit 26 includes a region 34 containing a 
signal processing circuit which processes the analog pixel 
stream to produce digital output data which is coupled 
through wire bond 37 to a lead 39 of package 24. Although 
the output signal is represented in FIG. 1 as being provided 
on a single lead to simplify the figure, in many applications 
the output data is provided on a bus to a multiplicity of leads 
of package 20. Control signals such as clock and address 
signals are provided on a conductor or bus 38 by circuitry in 
region 34 for controlling the electrical operation of the 
sensing array of region 32. 

40 Output device 22 is shown as being a monitor, but can be 
any number of devices such as a printer, a storage device 
such as a disk drive, and the like. In a wireless communi- 
cations device such as a pager or portable telephone, image 
capturing system 10 provides a modulation signal to broad- 

45 cast the image to another communications device. Hence, 
output device 22 can include a radio frequency oscillator to 
provide a carrier signal, a modulator for modulating the 
carrier signal with the output data and an antenna for 
transmitting the modulated carrier signal. 

50 FIG. 2 is a block diagram of the signal processing circuit 
of region 34. In the figures, elements having the same 
reference numbers provide similar functions. An analog 
pixel stream Vp/xEL operating at a 27.0 megahertz pixel rate 
is received on conductor 36. ^ pocel includes pixel signals 

55 whose amphtudes indicate the amount of light projected 
onto corresponding photoactive devices in the optical sens- 
ing array. In a color system, the light to each device typically 
passes through a color filter such that the pixel signal 
represents a primary color component. 

60 A correlated double sampling (CDS) circuit 202 is a 
sensing circuit which samples ^ pixel particular time 
points described in detail below. V^jt^ez, is a single-ended 
signal which, to increase noise immunity and dynamic 
range, is converted by CDS circuit 202 to a differential 

65 output signal Vpp-Vp^ representative of light intensity. 
Hence, CDS circuit 202 operates as a single-ended to 
differential converter. CDS circuit 202 typically includes a 



03/10/2004, EAST Version: 1.4.1 



6,166,766 

3 4 

voltage gain stage to optimize the dynamic range for a given Digital signal processing circuit (DSP) 210 receives the 

type of photoactive device in the optical sensing array. For parallel digital words from ADC 208 and performs any of a 

example, most photoactive devices produce pixel signals variety of operations, such as gamma correction, image 

whose amplitude under maximum light conditions is noise filtering, pixel cluster averaging, color deepening and 
approximately one volt. In an embodiment for use in a $ contrast enhancement, data compression and output data 

portable wireless communications device operating from a formatting. DSP 210 also controls a color lookup table (not 

battery power supply voltage volts minimum, CDS ^^^^s optimize mixtures of red, green and blue pixels 

circuit 202 provides a voltage gain of appro^mately 1.5 to displaying images on specific printers or monitors, 

provide a peak-to-peak dynamic range of 1.5 volts goftware instructions for operating DSP 210 are stored in a 

0.^^^!^^''''''*°' 214 receives a reference clock signal ^ ^^^^ ^^^^ ^^^^.^^ ^^^^^ ^ 

REFCLK from an external source for synchronizing opera- ^. . . . . . , , 

tions of image capturing system 10, Timing generator 214 ^1^. 3 is a schematic diagram of CDS circuit 202 includ- 

includes a frequency synthesizer which controls a voltage ^ amphfier 302 and capacitors 310-320. CDS arcuit 

controlled oscillator (VCO) to provide a high frequency 202 further inchides switches ^0-353 implemented as 

clock signal V^:,^ operating at 27*8=216.0 megahertz. V^^ transmission gates or similar analog switching devices 

clocks a time slot pulse positioner 212 for dividing a period ^^^^^ ^ ti^sftT analog signals with minimal distortion, 

of VpjxEL iiito time slots during which CDS circuit 202 ^^^^^^ ^02 performs a sample-and-hold function as 

samples V^^, A pixel clock signal V^^ operating at ^^U as a subtracting ftinction which senses the magnitude of 

27.0 megahertz is derived by frequency dividing V^^ or by ^pjxel at first and second tune pomts and subtracts the 



is 



provided on conductor 38 for addressing the photoactive Amplifier 302 often includes a voltage gain stage to maxi- 

devices to set the rate of V^^^. dynamic range. For example, in one embodiment 

Tm^e slot pulse positioner 212 receives V^^ from timing the maxknum amplitude of is 1.0 volts, CDS 

generator 214 and generates sensing clodcs V^, and ^^^^ 202 produces a gain of 1.5. 

within a selected time slot which are used by CDS circuit Typically, high gain CDS amplifiers have long settling 

202 to sample VpjxEU as described below. times and slow speeds in comparison to the period of 

Output signal Vp^-V„^ is applied to differential inputs of ^ pixel- To increase the rate of sensing, prior art systems use 
a programmable gain amplifier (PGA) 204. PGA 204 is a P^^^^^ amphfiers to sample alternate pixel signals so that 
digitaUy programmable gain stage whose gain is controlled amplifier can be setUmg while the other amplifier is 
by data indicative of a primary color and provided on a 3^ sensing a pixel signal. However, such parallel sensing ampH- 
two-conductor bus 222. In order to capture the tme colors of ^^^^ ^^^^^ ^® displayed image and produce fixed pattern 
image 12, the primary color components of must ^^f^^^^- The sensing circuit of the present invention over- 
have equal amplitudes when the light intensity of each comes this problem by samplmg alternate pixel signals with 
primary color is equal. That is, when white light is projected alternate capacitors and processing the samples through a 
onto region 32, the red, green and blue filtered devices 35 ^^^^ amplifier 302 rather than through multiple sense 
should produce pixel signals of the same amplitude. In amplifiers to take advantage of the fact that capacitors can be 
practical systems, however, photoactive devices have dif- matched more accurately than amplifiers in an integrated 
ferent responses to Ught of different colors. In addition, color ^y using only one amplifier to sense pixel signals, 
filters provide different degrees of transparency, so that for the present invention further improves on the prior art by 
a given light intensity different colors produce unequal reducmg power consumption and die area, 
amplitudes of pixel signals. The detailed operation of CDS circuit 202 is seen by 

To provide a white balance adjustment for Vpjxel^ the referring to the timing diagram of FIG. 4, which shows a 

gain of PGA 204 is varied according to the color sensed by typical waveform of pixel stream V^ixel including three 

each pixel signal in Vp^^. For example, red pixel signals consecutive pbcel signals generated by three successively 
may be amplified by a gain of 1.0, while green pixel signals 45 accessed photoactive devices in the optical sensing array, 

arc amplified by a gain of 1.333 and blue pixel signals arc The first pixel signal includes time periods Tq, T^, and T^; 

amplified by a gain of 2.0. When white light is projected on the second includes time periods T3 and T4; and the third 

the optical sensing array, the resulting color-dependent pixel includes time periods T5 and Tg. 

signak are adjusted in amplitude such that digital output Time period Tq is characterized by high switching noise 
signal Vj^jy^ is displayed as white light. 50 generated when discharging parasitic capacitances in the 

An offset adjusting circuit 206 receives a white balanced optical sensing array when accessing a photoactive device, 

differential output signal from PGA 204 and qarreas-for Switching noise is correlated noise, i.e., noise tiiat recurs 

voltage offsets introduced by the photoactive deyiccsand by during each pixel signal. 

CDS circuit 202 and PGA 204. The-d&et"is produced by Time period T^ is referred to as the dark or reference 
quiescent carrier generation in-the-photoactivc devices as 55 period during which Vpjxel contains primarily low fre- 

well as offsets from imperfect component matching in CDS quency noise but no information regarding light intensity, 

circuit 202 and PGA 204. The offset is determined by Both correlated and tmcorrelated noise can be present but 

measuring the^output signal of offset adjusting circuit 206 typically have low amplitudes. The level of ^pjxel <liiring 

under. zero^light conditions using techniques that are well time period T^ is used as a reference to filter out the low 
-established in the art. 60 frequency noise. A programmable sampling signal V^j con- 

-''^alog to digital converter (ADC) 208 receives the offset trols when Vpjxel is sampled during the dark period to 

adjusted signal at a differential input to produce a reprcsen- produce a dark or reference signal. 

tative parallel digital word on bus 209. A high data rate is Time period Tj is designated as the light period during 

achieved by configuring bus 209 to have at least as many which the amptitude of ^ pixel is indicative of light pro- 
conductors as there are bits in the digital word produced by 65 jected onto a photoactive sensing device. A programmable 

ADC 208. For example, ff the digital word is ei^t bits wide, sampUng signal controls when Vpjxel is sampled during 

bus 209 includes eight conductors, etc. the light period. The second and third pixel signals have 
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features similar to those of the first pixel signal, and can be to allow for V^j and V^^ pulses which are easily expanded 

characterized in terms of time periods comparable to periods to more than one time slot without generating noise from 

Tq-T^ of the first pixel signal. That is, time periods Tq and transition glitches. 

Tj correspond to T3 of the second pixel signal and T5 of the prior art counters increment on one edge of a clock signal 
third pixel signal, while time period corre^onds to T4 S and therefore require sixteen dock pulses to produce a count 

and Tg. of sixteen. The present invention has an advantage of 

Referring back to FIG. 3, the first pixel signal is sampled clocking on both the rising and falling edges of clock signal 

during time period Tq or T^ by closing switches 330 and 332 V^^ so that only eight pulses are needed to produce a count 

and opening the other switches while V^i is logic high to of sixteen. Hence, V^^ can operate at one-half the firequency 
charge capacitor 310 to the dark or reference level of the first 10 of prior art systems v^le providing similar functionality at 

pixel signal The first pixel signal is further sampled during lower power. In particular, where ypjxEL operates at 27.0 

the light period (time period Tj) by closing switches 338 and megahertz, runs at 8*27-216 megahertz, whereas prior 

340 and opening the other switches >siiile V^^ is logic high. art time slot clocks of comparable performance need to 

Switches 333 and 341 are closed and the other switches open operate at 16*27-432 megahertz. 

during time periods T^ and T3 to store the sampled dark and 15 Operation of time slot pulse positioner 212 is seen by 

light levels at the non-inverting and inverting inputs, referring to the timing diagram of FIG. 6, showing a period 

respectively, of amplifier 302. During time period T3, ampH- of Vpj^EL divided into time slots T.-Tj^ representing the 

ficr 302 operates in the subtract/amphfy mode in which possible times for generating sampling signals V^^ and V^. 

switches 347, 348, 350 and 353 are closed to produce ^ote that each time slot is defined by successive transition 

differential analog output signal Vpp-VpN proportional to ^^^^^ ^^^^ sixteen time slots are generated with 

the difference between the sampled dark and light levels, only eight cycles of V^^^. 

While the amphfied first pixel is being output during T3 Decoder 54 receives eight true output signals from the 

the second pixel signal is similarly being sampled, once eight clocked inverters on eight-bit bus 51 and eight comple- 

during T3 by closing switches 334 and 336 while is logic mcntary output signals on eight-bit bus 53. The true output 

high to charge capacitor 312 to establish a reference level of signals from successive pairs of inverters are decoded 

the second pixel signal, and again during T4 by closing through a single two-input AND logic gate (not shown) or 

switches 342 and 344 while is logic high. Switches 337 the equivalent to produce eight internal pulses of decoder 54, 

and 345 are closed during time periods T4 and T5 to store the or one pulse during each of the time slots Tj. T4, T^, Tg, T^o, 

sampled dark and light levels at the inputs of amplifier 302. T^j, T14, and Tj^. Similarly, the complementary output 

During T5, amplifier 302 operates in the subtract/amplify signals from consecutive pairs of clocked inverters are 

mode by closing switches 347, 348, 350 and 353 to produce decoded to produce internal pulses during each of the eight 

Vp^-Vp^ in proportion to the difference between dark and time slots Tj, T3, T,, T7, T^, T^j, T^g, and T^^. 

light levels of the second pixel signal. programming word PROGl is provided on a sixteen 

When amplifier 302 is not operating in the subtract/ conductor bus to an input of decoder 54 to set the time slot 

amplify mode, switches 346, 349, 351, and 352 are closed to in which V^^ is generated. Each bit of PROGl controls a 

remove the charge on capacitors 318 and 320. Similarly, switch between a two -input AND logic gate and the output 

switches 331, 332, 339 and 340 arc closed during T4 to of decoder 54 to select an internal puke for switching to the 

discharge capacitors 310 and 314, while switches 335, 336, output of decoder 54 to produce V^i during a programmed 

343 and 344 are closed during T^ to discharge capacitors 312 time slot. For example, assume that a particular two-input 

and 316. AND logic gate performs an AND operation on the comple- 

Hence, VpjxEt is sensed as described above by alternately mentary output signals of successive clocked inverters of 

sampling and storing dark and light levels of odd pixel clocked oscillator 52 designated as STAGE 2 and STAGE 3 

signals on capacitors 310 and 314 and dark and light levels as shown in FIG. 6. The bit of PROGl which controls the 
of even pixel signals on capacitors 312 and 316. These 45 switch between the AND logic gate and the output causes 

samples are all routed through amplifier 302 to provide a V^^ to be generated during time slot T3, as shown in FIG. 6. 

single signal path through amplifier 302 for all pixel signals By decoding consecutive stages of clocked oscillator 52 
of 

^ PIXEL' The parallel amplifier paths used in the prior art in pairs through a single logic gate, decoder 54 operates at 

are thereby avoided, which improves the quality of the higher speed than prior art decoders. Heavily loaded nodes 
displayed image. It is evident that the above described 50 are avoided, which reduces propagation delay. In addition, 

sensing scheme can be extended to higher ^pjxel ^si ^^'^ ^ave shorter rise and fall times which allows 

using additional capacitor pairs to successively sample the decoder 54 to produce narrower and more accurate V^^ 

dark and light levels of additional pixel signals on each pulses and to increase the number of possible time slots if 

cycle. desired. The short rise and fall times have an additional 

FIG. Sisaschematicdiagramoftime slot pulse positioner 55 advantage of allowing PROGl to activate more than one 

212, including a clocked oscillator 52 and decoders 54 and switch of decoder 54 to couple successive internal pulses to 

56. Clocked oscillator 52 is configured as a nine stage the output to produce a pulse of V^i that spans more than one 

clocked ring oscillator which is clocked on both the rising ^ni^ ^^o^- 

and falling edges of complementary clocks to produce eight Decoder 56 operates similarly, receiving a sixteen bit 
bits of data on buses 51 and 53 to represent sixteen possible 60 programming word PR0G2 to control the time slot during 

time slots T^-Tjg for sampling ^pocel- The nine stage which is generated. As an example, suppose that a given 

clocked ring oscillator includes eight clocked inverters syn- AND logic gate in decoder 56 performs an AND operation 

chronized to V^j^ and one standard ripple through inverter. on the true output signals of clocked inverters designated as 

The outputs of the eight clocked inverters drive differential STAGE 2 and STAGE 3. The bit of PR0G2 which controls 
amplifiers to provide true and complementary output signals 65 the switch between the given AND logic gate and the output 

on buses 51 and 53, respeaively. The true and complemen- causes V^^ to be generated during time slot T,j, as shown in 

tary outputs of each clocked inverter have coincident edges FIG. 6. 
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FIG. 7 is a schematic diagram showing further detail of 
clocked oscillator 52 for dividing a period of ^pjxel "^^o 
time slots, including eight clocked inverters 72 configured as 
a ring oscillator whose stages are designated as STAGE 1 
through STAGE 8 as shown. Because a ring oscillator 5 
requires an odd number of inversions to provide the negative 
feedback needed to sustain oscillation, a standard ripple 
through inverter 73 or its equivalent is included to provide 
a ninth inversion. The number of time slots within a period 
can be changed by providing a corresponding number of 10 
clocked inverter stages in clocked oscillator 52. 

Each clocked inverter 72 produces an output signal at an 
output 81 and receives an input signal &om the previous 
stage at an input 80. Input 80 is coupled to the control or gate 
electrodes of a p-channel metal-oxide-semiconductor 
(PMOS) transistor 76, an n-channel metal-oxide- 
semiconductor (NMOS) transistor 79 and the output of the 
previous stage. An input 82 is coupled to PMOS transistor 
77 and ^fMOS transistor 78 for receiving V^^, After a 
transition at input 80, the output signal remains in its current 
state until the next transition to synchronize the output 
signals of each stage to V^. 

Operation of clocked oscillator 52 is seen by referring to 
the timing diagram of FIG. 6. Waveforms at the outputs 
(node 81) of the first four clocked inverters 72, referred to ^ 
as STAGE 1 through STAGE 4, are shown to illustrate the 
operation of the circuit. When an output of a stage changes 
its logic state, the output of the next stage changes state on 
the next transition of V^^^. Hence, for one-half cycle until 
the next V^^ transition, or one time slot, consecutive stages 
have outputs at the same logic state. For example, the 
outputs of STAGE 1 and STAGE 2 are both high during time 
slot T2 and low during time slot Tjo- Similarly, the outputs 
of STAGE 2 and STAGE 3 arc both low during time slot T3 
and high during time slot Tj^, and the outputs of STAGE 3 
and STAGE 4 are both high during time slot T4 and low 
during time slot T^j- 

Qocked oscillator 52 further includes eight single-ended 
to differential converters 74 whose input receives the output 
signal of a clocked inverter 72 for providing true and 
complementary output signals on buses 51 and 53, 
respectively, whose transition edges are coincident. The 
coincident edges and light loading of nodes of decoders 54 
and 56 result in V^i ^si pulses which are easily 
expanded to more than one time slot without transition 
glitches, which provides flexibility in sampling Vpixel 
time points which minimize noise in the displayed image. 

In summary, the present invention provides a sensing 
circuit using correlated double sampling to sense a first pixel 
signal at different time slots to store a dark (or reference) 
signal and a light signal on two capacitors. The dark and 
light signals are amplified in an amplifier to produce a 
differential output signal proportional to their difference. 
While the dark and light samples from the first pixel signal 55 
are being amplified, a second pixel signal is being sampled 
to produce dark and light signab on two other capacitors. 
These dark and light signals are amplified in the same 
amplifier to produce a differential output signal indicative of 
the amplitude of the second pixel signal. By amplifying the 
alternately sampled pixel signals in the same amplifier, fixed 
pattern display artifacts due to mismatched amplifiers are 
reduced or eliminated. Noise is reduced by sampling the 
pixel signal during a programmed time slot generated by a 
clocked oscillator. The clock signal for the clocked oscillator ^5 
operates at twice the period of a lime slot, which allows 
operation at a lower frequency and reduced power. 
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What is claimed is: 

1. An image capturing circuit, comprising: 

a photoactive device responsive to light from an image for 

producing a pixel signal at a terminal; 
a signal processing circuit, including 

(1) an amplifier having first and second inputs and first 
and second outputs; 

(2) first, second, third, fourth, fifth and sixth capacitors, 
the first capacitor being coupled between the first 
input and the first output and the second capacitor 
being coupled between the second input and the 
second output of the amplifier; and 

(3) a switching circuit for switching a signal generated 
by the photoactive device to an electrode of the third 
capacitor during a first time period and to an elec- 
trode of the fifth capacitor diuing a second period, 
the switching circuit coupling the electrodes of the 
third and fifth capacitors to the first and second 
inputs of the amplifier during a third time period to 
produce a first value of a sense signal across the first 
and second outputs of the amplifier, the switching 
circuit further switching the signal to an electrode of 
the fourth capacitor during the third time period and 
to an electrode of the sixth capacitor during a fourth 
time period, the switching circuit coupling the ter- 
minals of the fourth and sixth capacitors to the first 
and second inputs of the amphfier to produce a 
second value of the sense signal. 

2. The image capturing circuit of claim 1, wherein the 
signal processing circuit further includes a clocked oscillator 
responsive to a clock signal for generating a plurality of time 
periods used in the switching circuit. 

3. A sensing circuit, comprising: 

first, second, third, fourth, fifth and sixth capacitors; 

an amplifier having first and second inputs and first and 
second outputs for providing an output signal, the first 
capacitor being coupled between the first input and the 
first output and the second capacitor being coupled 
between the second input and the second output; 

a switching circuit responsive for switching a pixel signal 
to a terminal of the third capacitor during a first 
sampling time and to a terminal of the fifth capacitor 
during a second sampling time, the switching circuit 
coupling the terminals of the third and fifth capacitors 
to the first and second inputs of the amplifier to produce 
a first value of the output signal, the switching circuit 
further responsive for switching the pixel signal to a 
terminal of the fourth capacitor during a third sampling 
time and to a terminal of the sixth capacitor during a 
fourth sampling time, the switching circuit coupling the 
terminals of the fourth and sixth capacitors to the first 
and second inputs of the amplifier to produce a second 
value of the output signal. 

4. The sensing circuit claim 3, wherein the first and 
second capacitors are equal in capacitance and the third and 
fourth capacitors are equal in capacitance. 

5. The sensing circuit of claim 4, fiirthcr comprising a 
photoactive device that operates in response to light for 
producing the pixel signal. 

6. The sensing circuit of claim 3, wherein the the first 
value of the output signal is representative of a difference 
between the pixel signal having a reference value and a 
sensed pixel value. 
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